INTRODUCTION
in an Assisted Conception Unit based in a large teaching hospital.
Results: The replacement of three rather than two embryos to

Assisted reproduction treatment is inevitably associwomen under 35 years who had good-quality supernumerary
ated with an increased risk of multiple conceptions.
embryos resulted in a higher twin (12.5 
vs. 11.9%) and triplet
In fact, nearly 70% of all triplet pregnancies result technologies (ART) (1-3). High-order multiple preg- (38.9 vs. 35.7%) . In the absence of quality spare embryos, these women who had three rather than two embryos nancies entail additional medical risks (4-8), psychoreplaced had a significantly higher clinical pregnancy rate logical stress (9) , and considerable financial costs (39.3 vs. 28 .8%; P ϭ 0.04), total live birth (32.7 vs. 19.4%; for the couple (10). Several authors therefore have P ϭ 0.02) and singleton birth rate per cycle (20.8 vs. 14.4%; suggested the selective replacement of two rather P ϭ 0.04), without significantly influencing the multiple than three embryos (11) (12) (13) (14) (15) (16) . Nevertheless, it seems birth rate. In women over 35 years, the replacement of three that embryo replacement policies have not been siginstead of two embryos in the presence or absence of quality nificantly influenced by the above-mentioned publisupernumerary embryos led to a significant improvement in cations, since the incidence of triplet pregnancies clinical outcome, without being associated with a concurrent after IVF treatment has remained static at 4-5% (17, increase in the multiple birth rate. Women in both age groups 18) . The clinicians' as well as the couples' desire who had either two or three embryos replaced in the presence to achieve the highest probability of a pregnancy, cal aspects of fetal reduction (9) and the risk of a
Conclusions:
The presence of good-quality supernumerary total pregnancy loss, which varies from 7.7 to 22.9% embryos can be used as a reference to determine the optimal (19, 20) , prevent many couples from accepting selecnumber of embryos to transfer and as an indicator of the tive feticide (5) . Therefore, in order to reduce the probability of success of an individual couple in a given incidence of multiple pregnancies in IVF cycles, risk Clinical factors influencing the probability of pregembryos available for transfer were included in the study. Of the 2032 patients involved, 1448 couples nancy after embryo transfer include maternal age (21) , cause of infertility, stimulation protocol (22) , thickness fulfilled the inclusion criteria and were included in the analysis. of the endometrium (23, 24) , and embryo morphology (25) . Indeed, 14 variables were analyzed by Roseboom et al. (26) to obtain a more complete view of the complicated process of achieving a successful preg-IVF Procedure nancy. All these are cumbersome to apply in routine clinical practice, and it is impossible to combine all
The protocol for pituitary down-regulation and ovarian stimulation as well as the techniques for cycle these variables to develop one threshold that can be used to predict the outcome. Furthermore, the laboramonitoring, oocyte retrieval, and embryo transfer have been described previously (27) . Briefly, pituitary tory variables, expertise of staff, and the techniques applied in each program also would have a significant down-regulation was achieved using either Nafarelin intranasal spray 100 g 8 hr (Searle, High Wycombe, impact on outcome. Accordingly, the British Fertility Society (BFS) and the American Society of Reproduc-UK) or subcutaneous Buserelin acetate 0.5 mg daily (Hoechst, Hounslow, Middlesex, UK) commencing on tive Medicine (ASRM) have encouraged centers to review their own data and adapt their own embryo the first day of the menstrual cycle. Twenty-one days later, pituitary desensitization was assessed using transfer policy. The most important index they were advised to consider was the multiple pregnancy rate transvaginal ultrasonography (Kretz Technik Combison 310, Crawley, Sussex, UK), confirming that there in the center. Such a policy may reduce the overall incidence of multiple pregnancy, but the transfer of were no ovarian follicles Ͼ 5 mm in diameter and the endometrial thickness was Ͻ 5 mm. Thereafter, two or three embryos will always carry an individual risk. Balancing benefit against disadvantage is not desensitization was maintained and multiple follicular stimulation was achieved using human menopausal easy, since benefit (increased pregnancy rates) is immediately appreciated by both clinicians and gonadotropin (hMG) (Pergonal; Serono Laboratories, Welwyn Garden City, Herts., UK) or follicle-stimulatpatients, whereas the impacts of longer-term consequences are more distant. What is needed is a reliable ing hormone (FSH) (Metrodin HP; Serono Laboratories, Herts, UK; or Orgafol; Organon Laboratories, indicator of a particular couple's risk of multiple pregnancy. This would give comfort that the transfer of Cambridge, UK). Tracking of follicular growth was performed using transvaginal ultrasonography from two or more embryos would yield good pregnancy rates without the significant risk of high-order multiday 6 of gonadotrophin stimulation. The mean maximal follicular diameter was calculated from four meaple pregnancy.
In this study we analyzed the records of patients in surements of the leading follicle(s), in sagittal and transverse plane. In each plane, the follicle was meatheir first IVF cycle with a view to establishing accurate prognostic information regarding the optimum sured along its longitudinal axis and at 90Њ to this axis. When the leading follicle(s) had a mean diameter of Ն number of embryos required to achieve the maximum probability of a pregnancy without significantly 18 mm, human chorionic gonadotropin (hCG) (Profasi; Serono Laboratories, UK; or Pregnyl; Organon Laboincreasing the multiple pregnancy rate. This was done by comparing the clinical and multiple pregnancy rates ratories, Cambridge, UK) was administered at a dose of 5000 IU subcutaneously or intramuscularly. Transper cycle in patients who had good-quality spare embryos with those who had none to spare.
vaginal oocyte retrieval under ultrasound guidance was performed 35 to 37 hr later using a double lumen oocyte harvesting needle (Rocket Medical; Watford, UK). Once identified, the oocyte-cumulus complex MATERIALS AND METHODS was placed in 1 ml of Earle's balanced salt solution containing 0.03 M sodium pyruvate, 15% human serum Patients albumin, penicillin, and gentamycin in a Nunclon 4-well dish, incubated at 37 ЊC, and gassed with 5% We studied all couples in their first cycle of IVF treatment reaching oocyte recovery and embryo trans-CO 2 . All normal-appearing oocytes were inseminated with 100,000 sperm/ml, 40 to 42 hr after hCG adminisfer at the Assisted Conception Unit at St. James's University Hospital, Leeds, during a 7-year period tration. Oocytes were examined for fertilization (presence of two pronuclei) at 16 to 20 hr after insemination. from 1991 to 1998. Only patients who had at least six
Embryo Grading
A clinical pregnancy was defined as any pregnancy confirmed by a transvaginal ultrasound scan performed Embryo transfers were performed approximately 48 at 6 to 7 weeks gestation demonstrating a gestational to 52 hr post-egg collection when the majority of sac containing a fetal pole with an audible-visible embryos were at the 2-or 4-cell stage. The numbers fetal heart. The implantation rate was calculated by of cell divisions and embryo morphology at the time dividing the number of gestational sacs seen at the of embryo transfer were regarded as a reflection of initial pregnancy scan by the total number of embryos embryo development up to that point. Embryo mortransferred multiplied by 100. The clinical pregnancy phology was evaluated according to the number of rate per cycle (CPR/cycle) was calculated by dividing blastomeres, the symmetry of the blastomeres, and the number of clinical pregnancies by the total number percentage of extracellular fragmentation: grade 1 of treatment cycles multiplied by 100, while the live embryos had even-sized blastomeres with minimal or birth rate per cycle was calculated by dividing the no fragmentation; grade 2 embryos had uneven-sized number of live births by the total number of cycles blastomeres with up to 20% fragmentation; grade 3 multiplied by 100. embryos had highly irregular blastomeres with significant fragmentation; and grade 4 embryos had barely Statistical Analysis defined blastomeres with grainy cytoplasm.
The number of embryos transferred ranged from The data were analyzed using 2 test, where a P two to three, depending on the patients' age, the availvalue Ͻ 0.05 was considered to be statistically signifiability and quality of the embryos. After a comprehencant. sive counseling of the advantages and disadvantages of replacing two versus three embryos, the final decision on the number of embryos to be replaced was RESULTS made by the couple. Couples who had more than three supernumerary good-quality (grade 1 and 2) embryos Between January 1991 and January 1998, a total of were counseled regarding freeze-storage of these 4004 embryos were transferred to 1448 patients in embryos for later use. Lower-grade embryos (grades their first IVF treatment cycle who met the inclusion 3 and 4) not deemed suitable for cryopreservation were criteria (Table I) . A total of 565 clinical pregnancies observed in culture for a further 48 hr before being diswere achieved (overall CPR/cycle, 39.0%) of which carded.
34 were ectopic pregnancies (ectopic pregnancy rate/ The Unit's policy is to freeze-store only grade 1 or cycle, 2.3%) and 82 ended in a first trimester miscargrade 2 embryos when there are at least three such riage (miscarriage rate/cycle, 5.7%). Of the remaining embryos supernumerary. Thus, patients who had spare 449 live births (live birth/cycle, 31.0%) 307 were singrade 1 or grade 2 embryos would have had either gletons (singleton pregnancy rate/cycle, 21.2%), 121 grade 1 or grade 2 embryos replaced. Accordingly, were twins (twinning rate/cycle, 8.4%) and 21 were there were no specific criteria to differentiate between triplets (triplet rate/cycle, 1.5%). The rate of first triembryos selected for transfer and those to be cryopremester pregnancy loss as well as the outcome of continseved, since all embryos were of similar grade.
uing pregnancies is illustrated in Table II . The data Luteal support was provided with either hCG (Pregnyl or Profasi) 2500 IU given on the day of embryo transfer and 72 hours later, or if Ͼ 15 follicles were of cycles was equivalent to the number of patients. 14.4%; P 0.3) compared to those who had two embryos grade 2 spare embryos, the replacement of three rather than two embryos was not associated with a significant replaced (n ϭ 160) (Table III) . Furthermore, the twin (9.8 vs. 5%) and triplet (2.1 vs. 0%) birth rates were improvement in any of the clinical parameters analyzed (Table III) . The twin pregnancy rate/cycle in patients similar in the two groups. Thus, in the absence of quality surplus embryos, the replacement of three receiving three embryos was 12.5% compared to 11.9% when two embryos were transferred, while embryos was associated with a significant improvement in the clinical outcome. patients who had three embryos replaced had a 2.9% chance of having triplets. Thus, the replacement of Clinical Outcome When Two Embryos Were Replaced in the Presence or Absence of Quality three instead of two embryos in this age group only 14.4%; P 0.02) compared to those grade 2 embryos in the presence of at least three grade 1 or grade 2 spare embryos to women over 35 years (n who had less than three quality embryos to spare (n ϭ 160) (Table III) . Although the twin birth rate per cycle ϭ 85) led to a significant improvement in the embryo implantation (27.8 vs. 12.9%; P 0.03), clinical pregwas higher in the former group than that in the latter (11.9% vs. 5.0%), the numbers in each group were nancy (37.7 vs. 30.3%; P 0.04), live birth (30.6 vs. 24.7%; P 0.04), and singleton birth rate/cycle (29.4 too small to demonstrate a significant difference. Hence, the presence of quality spare embryos was vs. 21.3%; P 0.03) in comparison with those who had less than three quality spare embryos available (n ϭ associated with a significant improvement in clinical outcome.
178) (Table IV) . This improvement did not extend, however, to increase the twin or triplet birth rate per Clinical Outcome When Three Embryos Were Replaced in the Presence or Absence of Quality cycle (0% vs. 0.6%). Spare Embryos. Although the replacement of three embryos to women under the age of 35 years in the presence of at least three grade 1 or grade 2 spare DISCUSSION embryos (n ϭ 311) resulted in a better clinical outcome compared to those who had less than three quality spare embryos available (n ϭ 529) (Table III) , the The ultimate goal of IVF reatment is to maximize pregnancy rates while minimizing multiple gestation difference was not statistically significant.
rates. However, as IVF treatment becomes more widely applied, there is a justifiably growing concern about the Clinical Outcome of Women Over 35 Years resulting greater percentage of multiple pregnancies (n ‫؍‬ 322 Patients) (3,15,28-31). The problem exists because infertility specialists still practice an imprecise and risky strategy Clinical Outcome When Two versus Three Embryos Were Replaced. In women over 35 years of multiple embryo replacements to maintain acceptable pregnancy rates. In view of the increased prevaold with more than three grade 1 or grade 2 spare embryos, the replacement of three rather than two lence of maternal and neonatal complications and higher costs associated with multiple gestations, we embryos was associated with a significantly higher embryo implantation (27.8 vs. 15.0%), clinical preghave attempted in this study to identify patients who are at risk by controlling for two primary variables: nancy (37.7 vs. 20.0%), and live birth rate per cycle (30.6 vs. 10.0%) (Table IV) . Furthermore, in this age the number of embryos transferred and maternal age. In the U.K., there is a legal restriction that limits group the replacement of three rather than two grade 1 or grade 2 embryos did not result in a concurrent the number of embryos transferred to a maximum of three. Within these legal restrictions, a recent postal increase in either the twin or triplet birth rates.
Clinical Outcome When Two Embryos Were survey (32) showed that the couple's final decision on the number of embryos to be replaced was based on Replaced in the Presence or Absence of Quality Spare Embryos. In the presence of at least three spare information obtained from a clinician. Since informed consent depends on the level and depth of the informagrade 1 or 2 embryos, 10-women aged 35 years or over out of the 322 studied (3.1%) selectively requested to tion given, in the absence of accurate information, the transfer of too many or too few embryos may have two embryos replaced. When no spare quality embryos were available, 49 women elected to have disadvantage some couples. Of the many factors judged to influence the pregtwo rather than three embryos replaced. This decision was partly influenced by the poor quality of the nancy rate after IVF-ET, the number of oocytes collected and fertilized and the number of good-quality remaining embryos and partly by the couple's desire to reduce their risk of multiple conception. As illusembryos transferred appear to be the most important prognostic factors (22, 33) . For embryo grading several trated in Table IV , when good-quality spare embryos were available, the replacement of two embryos criteria have been adopted, including developmental speed (34) , symmetry and uniformity of the blastoused as a prognostic indicator when determining the number of embryos to be transferred. Although the meres in size and shape (33), presence of granularity of ooplasm and anucleate fragmentation (35), and some relationship between the grading of an individual embryo and its ability to give rise to a pregnancy other biochemical methods such as pyruvate-glucose uptake (36) , oxygen consumption (37), and production has been described (41), most treatments result in the transfer of several embryos, and hence the impact this of platelet-activating factor, macrophage-inhibiting factor, leukotrienes, and histamine-releasing factors.
has on overall pregnancy rates is difficult to establish. While higher pregnancy rates are achieved with the Unfortunately all these factors cannot be applied in routine clinical practice. Hence, simpler, readily availreplacement of a higher number of embryos (42), Staessen et al. (12) have shown that the overall pregable, and yet reasonably reliable methods to assess the couples' chances of conception in a given cycle nancy rate was not significantly different when only two embryos were replaced in cycles with a "good are needed.
The practice of grading embryos, with the assign-IVF prognosis." They defined a good prognosis by the following criteria: first IVF attempt, age less than 37 ment of a numerical or a letter designation based on criteria such as degree of fragmentation and uniformity years, and good embryo development. Tasdemir et al. (14) reported that the transfer of two embryos did not of blastomeres, has become standard in IVF laboratories. While all IVF programmes occasionally observe affect the pregnancy rate as long as one good quality embryo was available. Other authors also have encournormal pregnancies after the transfer of "poor"-grade embryos, most embryos that exhibit significant fragaged the replacement of two embryos reporting pregnancy rates similar to those after triple transfer (11, mentation or obvious abnormalities in cytokinesis do not develop and indeed have been shown be chromo-16). Nonetheless, in the majority of cases, the issue remains contentious, since no prognostic indicators somally abnormal (38) . On the other hand, higher implantation and pregnancy rates are expected to result have been identified to objectively assess the ideal number of embryos needed to achieve an acceptable from the transfer of good-quality embryos (39) . These findings indicate that morphological observations pregnancy rate without increasing the risk of multiple pregnancy. alone can be of some predictive value in assessing the relative developmental potential of embryos, espeAlthough the outcome of previous IVF attempts is considered to be a determinant of the number of cially if evaluations are made during the 2-to 4-cell stage (40). Embryo grading, although not entirely reliembryos to be transferred, most women who achieve pregnancy do so within the first three attempts with able, gives the clinician an approximation of an embryo's chance of implantation, and hence could be very similar live birth rates (17) . Subsequent live birth rates remain fairly stable until the eighth attempt, after with those obtained when two embryos were transferred (11.9 and 0%, respectively); this difference, which it drops significantly (25, 43) . However, only 1% of couples continue treatment for so long. Thus, however, did not reach statistical significance. On the other hand, in the absence of quality spare embryos, the outcome of previous treatments may be relevant to IVF outcome but only to a minor degree. By evaluating these women had a significantly better clinical outcome when three embryos rather than two were patients in their first IVF cycle, we attempted to offer prognostic information applicable to all patients.
replaced without significantly influencing the multiple pregnancy rate. In women over 35 years, the picture The risks of multiple gestations after IVF treatment has been examined by a number of authors reporting was quite different. The replacement of three instead of two embryos in the presence or absence of quality on individual unit's practice (12, 14, 15, 44) . However, some have included the results of fresh as well as supernumerary embryos resulted in a significantly improved clinical outcome without being associated frozen cycles (12, 44) , while others have analyzed IVF cycles where up to four embryos were replaced (15, with an increase in the multiple pregnancy rate. We, therefore, propose an individualized embryo 44). In comparison to the above-mentioned studies, this is the largest comprehensive analysis assessing transfer policy. Young women with quality spare embryos could have only two embryos replaced in the the chances of conception and the risks of multiple pregnancy for an individual couple in their first IVF knowledge that such a policy will not be detrimental to their chances of conception, whereas in the absence attempt where a maximum of three embryos were replaced per cycle. of quality spare embryos, which reflects a lack of choice among embryos available for transfer, the The predictive value of good-quality supernumerary embryos in achieving a pregnancy after embryo transreplacement of three embryos is justifiable since it improves their likelihood of conception without fer was assessed in this study by comparing the clinical outcome of IVF cycles when the same number of increasing their risk of multiple pregnancy. In older women, however, the replacement of three embryos embryos were replaced in the presence or absence of supernumerary quality embryos. Women in both age seems necessary to obtain acceptable clinical pregnancy rates (21) . groups who had either two or three embryos replaced in the presence of quality supernumerary embryos had
In conclusion, the quality of surplus embryos is an important prognostic factor in identifying couples at a significantly better clinical outcome compared with their counterparts who had the same number of risk of multiple pregnancy. This study illustrates that the age of the female partner and the presence of embryos replaced, but with no quality embryos to spare. This is in agreement with other investigators supernumerary quality embryos can be used as a reference to determine the optimum number of embryos to (26, 39, 45) and suggests that the presence of quality spare embryos is a good prognostic indicator of the transfer and as an indicator of the probability of success of an individual couple in a given cycle. This informalikely outcome in a particular treatment cycle. Our results also are consistent with the findings of Temtion is useful when counseling couples to assist them in reaching an informed and evidence-based decision pleton and Morris (29) who analyzed treatment outcomes using the comprehensive data produced by regarding the number of embryos to be replaced in the knowledge that their decision would not be detrimental HFEA to define clinical factors that are predictive of pregnancy and multiple gestation after IVF treatment.
to their chances of conceiving nor would it lead to unnecessary risk of high-order multiple pregnancy. They concluded that when more than four embryos are available for transfer, the replacement of two embryos will not decrease the couple's chances of REFERENCES conception, but will only reduce their risk of multiple births. birth rates (12.5 and 2.9%, respectively) compared
